INTRODUCTION
Learning studies in Apis and Drosophila have provided converging lines of evidence that the mushroom bodies are important neuropiles for the formation of olfactory memory in the insect brain. Cooling of the mushroom bodies of honeybees interfered with memory consolidation (Erber et al. 1980; Menzel et al. 1974) . Drosophila mutants with structural defects in the mushroom body architecture were deficient in olfactory conditioning but not in sensory discrimination of the odorants ( Heisenberg et al. 1985 ) . Recent molecular genetic studies have demonstrated that the gene products of two olfactory learning mutants, dunce and rutabaga, are preferentially expressed in the mushroom bodies (Han et al. 1992; Nighorn et al. 199 1) .
The characteristic shape and anatomic structure of this neuropile is largely determined by the parallel projecting Kenyon cells, intrinsic to the mushroom body. A mushroom body in the brain of the bee contains -170,000 Kenyon cells, which receive among other sensory modalities, olfactory input via the relay neurons of the antennoglomerural tracts (Mobbs 1982) . Histochemical staining for acetylcholinesterase ( AChE) indicated cholinergic transmission into the mushroom body via a subset of antennoglomerular tract fibers (Kreissl and Bicker 1989 ). An antiserum generated against locust nicotinic receptors ( Breer et al. 1985 ) stained somata and processes of Kenyon cells (Kreissl and Bicker 1989) . Furthermore, quantitative autoradiography localized cY-bungarotoxin binding sites in the mushroom body neuropile (Scheidler et al. 1990 ). However, despite the many anatomic studies and the recent interest in the molecular bases of olfactory learning in insects, there is no information available about the physiological responses of Kenyon cells to application of transmitters of afferent pathways.
We have developed an in vitro approach to characterize the cellular properties of Kenyon cells (Kreissl and Bicker 1992) . It is possible to remove the complete mushroom body neuropile including its adhering Kenyon cell somata by means of microdissection from the brains of pupal honeybees. After dissociation and plating, the cell bodies readily sprouted new process in cell culture. In this study, we used video microscopy with the calcium indicator dye fluo-3 to investigate the calcium responses of Kenyon cells to application of cholinergic ligands.
METHODS
Three to five days before adult eclosion, brains of honeybee pupae were dissected out of the head capsule in cold culture medium. Details of the dissection of mushroom bodies and the establishment of primary cell cultures have been described elsewhere ( Kreissl and Bicker 1992) . After dissociation, cells were cultured for a week to allow for neurite outgrowth.
The dissociated cell cultures contained a pure population of Kenyon cells and a few easily distinguishable phase-dark glial cells.
Changes in cytosolic calcium concentration were estimated using the fluorescent membrane-permanent probe fluo-3-AM (Molecular Probes) (Tsien 1989) . Cells were loaded in 5 PM fluo-3-AM with the addition of 0.025% Synperonic PE/F127 (Boehringer) for 45 min at room temperature, washed with medium, and placed on the stage of a Zeiss Axiovert 35 microscope. A gravity-fed perfusion system allowed the continuous perfusion of cells with Ringer solution at a flow rate of 10 ml/min and the sequential application of a volume of 100 ~1 of transmitters and drugs. Rapid solution exchange in the perfusion system was facilitated by maintaining a low chamber fluid volume of 800 ~1. Normal Ringer solution is composed of the following (in mM): 135 NaCl, 5 KCl, 10 MgCl,, 1.6 CaCl,, 50 sucrose, 65 tris( hydroxymethyl)aminomethane (tris)-HCl buffer; pH 7.2. All chemicals were obtained from Sigma. A 1% neutral density filter was used to attenuate the excitation light emitted by the mercury lamp of the microscope. The fluorescence was imaged using a Hamamatsu 2400 SIT camera interfaced with an Argus 10 image processor system and a Mitsubishi HS-M55 video recorder. Data are expressed as a change in fluorescence over baseline fluorescence percentage (F -&J/F, for each cell, where F refers to the peak fluorescence from a cell body and F, represents the fluorescence of the cell body presumably at rest. If the peak fluorescence of the soma saturated the dynamic range of the camera, a region of less intense baseline fluorescence adjacent to the soma was evaluated. Usually two cells of 5-10 cells in the field of view of the microscope optics were close enough to be simultaneously captured and analyzed by the video image processing system. Fluorescence re- 3 min to baseline levels. Because a-bungarotoxin did not prevent the K-induced fluorescence, its blockade seems to be specific to nicotinic ACh receptors.
DISC1JSSION
Because of their thin processes and small diameter cell bodies, ranging in bees from 6 to 10 pm, the Kenyon cells of the insect brain have resisted physiological investigations for a long time. However, the development of a primary cell culture system for defined areas of the honeybee brain (Kreissl and Bicker 1992) Calcium is a key regulatory messenger in a wide variety of cellular mechanisms and of neuronal plasticity in particular. The microfluorometric studies on cultured Kenyon cells might also prove useful for identifying essential cellular responses to aminergic transmitters that influence storage and retrieval processes of olfactory memory in the brain of the bee (Bicker and Menzel 1989) .
